Background: Breast cancer is a major cause of cancer related death in women worldwide.
INTRODUCTION
Breast cancer is the leading cause of cancer related deaths among women with 1.6 million new cases and 0.52 million deaths each year The differentially expressed circular RNAs are attributable to molecular events in carcinogenesis. Circular RNAs are reported to be deregulated in hepatocellular carcinoma, esophageal squamous cell carcinoma, colorectal cancer, bladder cancer and breast cancer 10,11 . A recent study found, circGFRA1_5-7 overexpression in estrogen receptor positive (ER+) breast tumors while circ_RPPH1 and circ_ERBB2_7-11 were abundantly expressed in human epidermal growth factor receptor 2 positive (HER2+) breast tumors samples but their role corresponding to the subtypes are yet to be elucidated 12 . Similarly circ-FOXO3 was observed to be downregulated in human breast cancer tissues while its ectopic expression induced apoptosis in mouse xenografts 13 
MATERIALS AND METHODS

Study samples
Tissues were surgical specimen obtained from tumor bank at Cancer Institute (WIA), 
RNA-sequencing
Total RNA isolated from frozen tissues was depleted for ribosomal RNA using the RiboZero Gold rRNA removal kit (Illumina, USA). The cDNA libraries were prepared using TruSeq Stranded Total RNA Library Prep kit (Illumina, USA) following standard protocol.
Quality profile of library was assessed using Bioanalyzer 2100 (Agilent, Santa Clara, CA) and 100 bp PE sequencing was carried out by HiSeq 2000 (Illumina, San Diego, CA).
Identification of circular RNAs
FASTQ files were mapped against human reference genome (hg38) using bowtie2. The unmapped reads from BAM files were used as input for find_circ algorithm 46 . Briefly, the We used another algorithm DCC developed to detect circular RNAs using output from STAR read mapper and refine data with series of inbuilt filters 48, 49 . Reads were mapped to hg38 reference genome and ENSEMBL GrCh.38.37 GTF file using STAR alignment tool to obtain information on chimeric splice junctions. The generated 'chimeric.out.junction' file contains chimerically aligned reads including circular RNA junction spanning reads.
Circular RNAs identified by both tools were then annotated using circus R package using UCSC hg38 TxDB. The differential expression of circular RNAs detected by both find_circ and DCC was carried out using DESeq2 R package. Circular RNAs with |fold change| ≥ 2 and p-value ≤ 0.05 were considered to be differentially expressed between sample group.
MicroRNA -circular RNA interaction prediction
MicroRNA target binding sites of circular RNAs were predicted using CircInteractome web tool 50 . CircInteractome uses TargetScan's Perl script for prediction of microRNA with exact 7-mer or 8-mer seed sequence, complementing the mature circular RNA sequence.
Cytoscape was used to visualize circular RNA-microRNA interaction. For circular RNAs acting as microRNA precursor, the mature sequences of circular RNA were searched for stem-loop microRNA sequence using BLAST tool in mirBASE.
RESULTS
Expression signature of circular RNAs in breast cancer
RNA sequencing of breast tissues resulted in approximately 89 million reads which were filtered for unmapped reads using bowtie2. The unmapped reads were used for identification of circular RNAs using two different algorithms, find_circ and DCC. Find_Circ tool was used to identify circular RNAs by converting unmapped reads to the anchor fastq file using Table 1 and 2). In total 26 circular RNAs (13 upregulated and 13 downregulated) were found to be differentially regulated in both find_circ and DCC based analysis [ Table 2 ].
Based on normalized read counts from both pipelines, the expression status was plotted to specifically identify candidate circular RNAs differentially expressed in early stage breast cancer. Among the upregulated circular RNAs, hsa_circ_0001946 (CDR1as) showed a high expression in tumor tissues and matched normal tissue when compared with normal.
Similarly, hsa_circ_0000117 (circMAN1A2) and hsa_circ_0023990 (circNOX4) were also observed with increased expression levels in both tumor and matched normal tissue.
Hsa_circ_0008225 (circZMYND11) and hsa_circ_0016601 (circDNAH14) were specifically upregulated in tumor tissues compared to matched normal and normal tissue.
MicroRNA sponging by circular RNA
The sponging potential of circular RNA was predicted using the web tool CircInteractome.
Exact seed sequence match of 7mers or 8mers for the 26 circular RNAs that were differentially expressed in both find_circ and DCC were predicted. About 223 microRNA were predicted to be sponged by these 26 circular RNAs through 495 interactions. About 40 interactions were filtered by considering circular RNAs carrying at least 2 binding sites for single microRNA [ Figure 3 ]. Hsa_circ_0001946 was found to harbor the highest number of microRNA binding sites with 73 binding regions for miR-7. We speculate that hsa_circ_0001946 may be a specific biomarker for breast cancer with possible functional role through sponging of microRNA. In addition, hsa_circ_0006950 was predicted with 2-3
binding sites for about 6 microRNA. Similarly, hsa_circ_00256765 showed binding sites for four microRNA; hsa_circ_0016001 and hsa_circ_0001519 harbored binding sites for 3 microRNA each [ Table 3 ]. Hence we hypothesized that the identified differentially expressed circular RNAs carrying multiple microRNA binding sites could alter microRNA function by sponging.
Circular RNA act as precursors for microRNA
The secondary structure of circular RNAs showed several stem loop structures resembling pre-microRNA structure. The mature circular RNA sequences were checked for carrying pre-microRNA that can generate microRNA. Of the circular RNAs identified, hsa_circ_0001519 was found to contain precursor sequences for 5 microRNA while hsa_circ_0007766 contained precursor sequences for 4 microRNA [ Table 4 ]. Five circular RNAs, namely hsa_circ_0002346, hsa_circ_0001064, hsa_circ_0002496, hsa_circ_0000639
and hsa_circ_0001073, were predicted to yield 3 microRNA each. Hsa_circ_0007766 was predicted to give rise to miR-370, commonly upregulated microRNA in breast cancer.
Besides, miR-141 and miR-372 were predicted to be processed from circ_0008225 and circ_0002496 respectively had been previously reported to possess tumor suppressive property. Circular RNA-microRNA interaction has proved to be a potential mechanism of gene regulation that plays significant role in breast cancer progression. The sponging of mir-1271 and miR-143 by circ-ABCB10 and hsa_circ_0001982 respectively has been demonstrated earlier with breast cancer 21, 22 . In our analysis, we observed that hsa_circ_0001946, also known as CDR1as, is differentially regulated in early stage breast tumors. Overexpression of CDR1as decoys miR-7 with its 73 binding sites causing tumor promotion through epithelialto-mesenchymal transition, invasion and metastasis [29] [30] [31] . Oncogenic potential of CDR1as through miR-7 sponging has been shown in gastric cancer and carcinoma of liver, esophagus and lung 19, [32] [33] [34] . Since miR-7 has several proven targets like CCNE1, PIK3CD and KLF4, one or more pathways seems to be affected by CDR1as. Besides miR-7, CDR1as also sponges other microRNAs like miR-135a, miR-1290, miR-876-5p, miR-671-5p [35] [36] [37] . Clinico-pathological characteristics of samples
DISCUSSION
